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SENSOR PROTEIN AND UTILIZATION THEREOF 



(57) The object of the present invention is to utilize, 
as a sensor protein, a molecular recognizing ability of a 
protein that scarcely undergoes any structural change 
by the binding of a target substance. According to the 



present invention, there is provided a sensor protein 
comprising an insert-type fusion protein composed of a 
reporter protein and a biding protein wherein said bind- 
ing protein is inserted into the amino acid sequence of 
said reporter protein. 
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Description 

Technical Field 

[0001] The present invention relates to a sensor pro- 
tein for detecting or quantifying a wide variety of target 
substances; a method of preparing said sensor protein; 
a nucleic acid encoding said sensor protein; an expres- 
sion vector containing said nucleic acid; a transformed 
cell having said expression vector; a method of detect- 
ing or quantifying a target substance by using said sen- 
sor protein; and a reagent kit for performing said method 
of detection or quantification. 

Background Art 

[0002] Biosensors such as sensor proteins are mo- 
lecular sensors obtained by connecting molecular rec- 
ognition mechanism and signal transduction technolo- 
gy. In order to construct a sensor protein by using highly 
specific molecular recognition ability of protein, it is nec- 
essary to linktwo sites, i.e., a bindingsite for recognizing 
a target substance and a reporter site for generating a 
signal. 

[0003] There have been reported some examples of 
sensor proteins designed by means of protein engineer- 
ing (Hellinga & Marvin 1998. Trends Biotechnol. 16, 
1 83-1 89). For example, there have been known a cAMP 
sensor which uses the character that cAMP binds to a 
cAMP-dependent protein kinase to dissociate two sub- 
units of the cAMP-dependent protein kinase (Adams et 
at. 1 991 . Nature 349, 694-697): a maltose sensor using 
the character that when maltose binds to a maltose- 
binding protein, the structure of the maltose-binding pro- 
tein changes (Marvin et al. 1997. Proc. Natl. Acad. Sci. 
USA 94, 4366-4371); a calcium ion sensor using the 
structural change of calmodulin (Miyawaki et al. 1997. 
Nature 388, 882-887; Romoser et ai. 1997. J. Biol. 
Chem. 272, 13270-13274) and the like. 

Disclosure of the Invention 

[0004] In the conventional sensor proteins, there have 
been used only the proteins where the subunits disso- 
ciate or associate or the structures undergo a significant 
change when a target substance binds thereto. Howev- 
er, there are a number of proteins that hardly change 
their structures by the binding of a target substance. For 
utilizing the molecular recognition ability of such pro- 
teins as a sensor protein, it has been necessary to link 
the binding site for a target substance with a reporter 
site to allow the protein to attain a function as a sensor 
protein. 

[0005] The present inventors found and already re- 
ported that it is possible to easily construct an insert- 
type fusion protein by expression of a recombinant DNA 
obtained by inserting a DNA sequence encoding one 
protein into a DNA sequence encoding another protein 



(Doi et al. 1997. FEBS Lett. 402, 177-180). In conven- 
tional fusion proteins in which two proteins are coupled 
to each other at their ends, it is known that the activity 
of each of these two proteins is hardly affected by the 

5 fusion. In contrast, it is expected that, in the insert-type 
fusion protein constructed by the present inventors, the 
activity of one protein into which another protein is in- 
serted is largely affected depending upon the difference 
in structural stability of the protein to be inserted. The 

10 present inventors have diligently studied to construct a 
superior sensor protein by using such a character, and 
as a result, it has been found that sensor proteins can 
be designed as required by utilizing the character that 
when a protein having a binding site (binding protein) is 

15 inserted into the amino acid sequence of a protein hav- 
ing a reporter site (reporter protein), a structural change 
of the protein due to binding of a target substance results 
in a change in the detection signal generated by the re- 
porter protein. The present invention has been accom- 

20 plished on the basis of these findings. 

[0006] Namely, according to the present invention, 
there is provided a sensor protein comprising an insert- 
type fusion protein composed of a reporter protein and 
abinding protein wherein said binding protein is inserted 

25 into the amino acid sequence of said reporter protein. 
[0007] Preferably : the binding protein is a protein hav- 
ing a size of 100 to 1 000 amino acid residues in length. 
[0008] Preferably : the binding protein is a protein se- 
lected from the group consisting of metal ion-binding 

30 proteins, DNA-binding proteins, cAMP-dependent pro- 
tein kinase, cGMP-dependent protein kinase, hydrola- 
se, ATP-binding proteins, GTP-binding proteins, nitric 
monoxide synthase, glucose-binding proteins, maltose- 
binding proteins, hormone receptors, single chain anti- 

35 bodies and chaperons, or a functional fragment thereof 
or a mutant thereof. 

[0009] Preferably, the reporter protein is an enzyme 
protein, a fluorescent protein or a fluorescence-labeled 
protein, or a mutant thereof. 
40 [0010] Preferably, the enzyme protein is an enzyme 
protein selected from the group consisting of protease, 
nuclease, alkaline phosphatase, p-galactosidase, luci- 
ferase, glucose oxidase and chloramphenicol acetyl 
transferase; or a mutant thereof. 

[0011] Preferably the fluorescent protein is Green 
Fluorescent Protein or a mutant thereof . 
[0012] Preferably : the binding protein is inserted be- 
tween the amino acid residues of 128 lle-205 Ser of 
Green Fluorescent Protein which is the reporter protein. 
50 [0013] Preferably : the fluorescent-labeled protein is a 
protein labeled with a fluorescent dye selected from flu- 
orescein series, rhodamine series, eosin series and 
7-nitrobenz-2-oxa-1 ,3-diazole (NBD) series, or a mutant 
thereof. 

55 [0014] Preferably the sensor protein of the present in- 
vention is comprised of an insert-type fusion protein 
formed by inserting the amino acid sequence of aryl hy- 
drocarbon (Ah) receptor into the amino acid sequence 
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of alkaline phosphatase. 

[0015] According to another aspect of the present in- 
vention there is provided a nucleic acid encoding the 
protein of the present invention. 

[001 6] According to still another aspect of the present 
invention, there is provided a method of preparing a sen- 
sor protein, comprising the steps of: 

(a) inserting a DNA encoding a binding protein into 
a DNA sequence encoding a reporter protein; and 

(b) expressing the resultant DNA encoding an in- 
sert-type fusion protein. 

[0017] According to stilt further aspect of the present 
invention, there is provided a method of preparing a sen- 
sor protein, comprising the steps of: 

(a) inserting a DNA encoding a binding protein into 
a DNA sequence encoding a reporter protein; 

(b) introducing mutation into the resultant DNA se- 
quence encoding an insert-type fusion protein to 
obtain a population of mutants of the DNA se- 
quence encoding the insert-type fusion protein; 

(c) expressing the population of mutants of the DNA 
sequence encoding the insert-type fusion protein to 
obtain a population of mutants of the insert-type fu- 
sion protein; and 

(d) selecting an insert-type fusion protein having a 
desired function from the population of mutants of 
the insert-type fusion protein by detecting a change 
in the detection signal generated from the reporter 
protein by the action of a target substance to the 
binding protein. 

[001 8] Preferably, the steps (b), (c) and (d) are repeat- 
edly carried out. 

[0019] According to still further aspect of the present 
invention, there are provided a sensor protein obtained 
by the above-mentioned method of the present inven- 
tion, and a nucleic acid encoding said sensor protein. 
[0020] According to still further aspect of the present 
invention, there are provided an expression vector con- 
taining said nucleic acid of the present invention, and a 
transformed cell having said expression vector. 
[0021] According to still further aspect of the present 
invention , there is provided a method of preparing a sen- 
sor protein, comprising the steps of; 

culturing the transformed cell of the present inven- 
tion; and 

harvesting a sensor protein from the culture. 

[0022] According to still further aspect of the present 
invention, there is provided a method of detecting or 
quantifying a target substance comprising the steps of: 

reacting the sensor protein of the present invention 
with an a target substance; and 



measuring a change in the detection signal gener- 
ated from the reporter protein that constitutes the 
sensor protein. 

5 [0023] Preferably the reporter protein is a fluorescent 
protein. Preferably, the detection signal is fluorescence. 
Preferably, the detection or quantification is carried out 
in a living cell, tissue or individual. In a preferred em- 
bodiment, the sensor protein is an insert-type fusion pro- 

10 tein formed by inserting the amino acid sequence of Ah 
receptor into the amino acid sequence of alkaline phos- 
phatase, and the target substance is dioxins or polychlo- 
rinated biphenyl. In another preferred embodiment, the 
sensor protein is an insert-type fusion protein formed by 

*5 inserting the amino acid sequence of calmodulin into the 
amino acid sequence of a fluorescent protein, and the 
target substance is a calcium ion. In a still further anoth- 
er preferred embodiment, the sensor protein is an insert- 
type fusion protein formed by inserting the amino acid 

20 sequence of a single chain antibody into the amino acid 
sequence of alkaline phosphatase, and the target sub- 
stance is an antigen. 

[0024] According to a still further aspect of the present 
invention, there is provided a reagent kit for performing 
25 the above method of detection or quantification, which 
comprises the above-mentioned sensor protein or nu- 
cleic acid of the present invention. 

Brief Description of the Drawings 

30 

[0025] Fig. 1 is a conceptional diagram showing the 
detection of a target substance by the use of the sensor 
protein of the present invention. The sensor protein of 
the present invention has a structure where a binding 
35 protein is inserted into a reporter protein. When the 
structure of the protein is changed by binding or inter- 
action of a target substance with a binding protein, de- 
tection signal generated from the reporter protein is 
changed. 

40 [0026] Fig. 2 is a diagram showing the gene map of 
vector pND101 used for screening and large scale ex- 
pression of a sensor protein. Expression of BLIP gene 
contained in the above vector is induced in the presence 
of L-arabinose and suppressed in the presence of D- 

45 glucose, by a regulator AraC of BAD promoter, GFP 
gene contains a restriction enzyme site where p-lacta- 
mase gene is to be inserted. 

[0027] Fig. 3 is a diagram showing construction of a 
DNA sequence which shows the insertion of p-lacta- 

so mase gene [Bla (26 - 288)] into the base sequence of 
GFP gene. Each linker positioned at both ends of p- 
lactamase contains a restriction enzyme site of 6 bases 
and a random sequence of 9 bases. 
[0028] Fig. 4 is a graph showing fluorescent spectrum 

55 of a sensor protein. The horizontal axis in Fig. 4 repre- 
sents an excitation wavelength and the vertical axis rep- 
resents fluorescent intensity, (n the figure, (a) repre- 
sents the fluorescent spectrum for the sensor protein (a 
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concentration of 0.3 jiM), (b) represents the fluorescent 
spectrum when 7m.M of BLIP is added and (c) represents 
the fluorescent spectrum when 7^M of bovine serum al- 
bumin (BSA) is added. 

[0029] Fig. 5 is a graph showing dependency of fluo- 
rescent intensity of the sensor protein (GFP-p-lacta- 
mase insert-type fusion protein) of the present invention 
on the concentration of the target substance (BLIP). The 
horizontal axis in the figure represents the concentration 
of the target substance (BLIP) and the vertical axis rep- 
resents change of the fluorescent intensity. 
[0030] Fig, 6 is a schematic diagram showing meas- 
urement of dioxin by the use of a dioxin sensor of the 
present invention. When dioxin binds to the binding pro- 
tein (Ah receptor domain), the structure of the protein is 
changed and the activity of the reporter protein (alkaline 
phosphatase) is correspondingly changed. The concen- 
tration of dioxin or the like can be determined by detect- 
ing such a change in the activity. 

[0031] Fig. 7 is a conceptual diagram showing one 
embodiment of utilization of the sensor protein of the 
present invention, particularly, showing a light sensor 
protein that is formed by inserting any binding protein 
into a fluorescent protein (as a reporter protein; GFP), 
and shows a change in the fluorescence by stabilization 
of the structure due to the binding of a target substance. 

Best Mode for Carrying out the Invention 

[0032] The terms used in the present specification 
have the following meanings, unless otherwise speci- 
fied. 

[0033] The term "sensor protein" means a protein that 
has both the ability of specifically recognizing a target 
substance and the ability of generating a signal which 
can be measured from outside, and shows a change in 
the signal depending on the specific action (i.e., a spe- 
cific binding, interaction or the like) of a particular target 
substance. The change in signal can be detected from 
the outside : and can be measured physicochemicatly or 
the like. This specific "bindfng or interaction" between a 
target substance and a sensor protein may also be sim- 
ply referred to as "a reaction". 

[0034] The term "reporter protein" means a protein 
that has the ability of generating a signal which can be 
measured from outside. In general, the signal is a phys- 
icochemically measurable signal. 

[0035] The term "binding protein" means a protein 
that has the ability of specifically recognizing a target 
substance. The "ability of specifically recognizing a tar- 
get substance" means the ability of giving some change 
in the structural stability of said protein by a specific ac- 
tion with a target substance (i.e. a specific binding, in- 
teraction or the like). 

[0036] The term "target substance (analyte)" means 
a molecule or ion which specifically acts on the binding 
protein and means a substance to be subjected to the 
detection-or-quantification by the use of the sensor pro- 



tein of the present invention. 

[0037] The term "nucleic acid" means DNA or RNA, 
or derivatives thereof. 

[0038] The sensor protein of the present invention 

5 comprises an insert-type fusion protein that can be ob- 
tained by inserting a binding protein for recognizing a 
target substance into the amino acid sequence of a re- 
porter protein capable of generating a signal, and the 
signal generated by the reporter protein part can be 

10 changed by the binding of the target substance or the 
interaction therewith (see Fig. 1). 
[0039] "A binding protein is inserted into the amino ac- 
id sequence of a reporter protein" means a state wherein 
the binding protein is inserted into the amino acid se- 

15 quence of the reporter protein thereby the reporter pro- 
tein is divided into two sections by the binding protein 
and at least one amino acid residue of the reporter pro- 
tein remains on each side of N-terminus and C-terminus 
of the binding protein after the insertion. In the sensor 

20 protein of the present invention, the binding protein is 
inserted into the amino acid sequence of the reporter 
protein at such a position that the capability of generat- 
ing a signal which the reporter protein inherently pos- 
sesses is not lost. 

25 [0040] Specifically, the reporter protein, which is one 
component of the sensor protein of the present inven- 
tion, includes enzyme proteins, fluorescent proteins, flu- 
orescent substance-labeled proteins and the like. 
[0041] More specifically, the enzyme protein is not 

30 specifically limited so long as it is an enzyme capable of 
binding specifically to a substrate to catalyze the reac- 
tion. Examples thereof include proteases, nucleases, al- 
kaline phosphatase, (3-galactosidase, luciferase, glu- 
cose oxidase, chloramphenicol acetyl transferase 

35 (CAT) and the like, and mutants thereof are also includ- 
ed. Methods of generating a mutant and screening 
thereof will be described below. A change of a substrate 
such as decomposition or modification by the enzyme 
activity can be detected as a physicochemical signal. 

40 [0042] Further, in a fluorescent protein containing an 
endogenous fluorescent chromophore or a protein la- 
beled with an exogenous fluorescent chromophore via 
a covalent or non-covalent bond, the fluorescence of the 
chromophore is sensitively changed depending on the 

45 ambient environment, so thatthe change can be detect- 
ed by a physiological method. Specifically, the fluores- 
cent protein includes, for example, Green Fluorescent 
Protein (GFP) and its mutant. The protein labeled with 
an exogenous fluorescent substance (fluorescence-la- 

50 beled protein) includes a protein labeled with a fluores- 
cent dye such as fluorescein series, rhodamine series, 
eosin series, 7-nitrobenz-2-oxa-1 ,3-diazote (NBD) se- 
ries. A protein can be labeled with a fluorescent dye by 
a method in which the protein is labeled with a fluores- 

55 cent dye via a non-covalent bond, such as a method of 
modifying hem of hemoglobin with a fluorescent dye; or 
by a method in which the protein is labeled with a fluo- 
rescent dye via a covalent bond, such as a method of 
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chemically modifying a cysteine residue of the protein 
with a fluorescent dye. While the type of the protein to 
be labeled with an exogenous fluorescent substance 
are not limited, for example, thioredoxin which is easily 
expressed in a large scale in E. coli, glutathione-S-trans- 
ferase (GST) which adsorbs into an affinity resin, cellu- 
lose-binding domain or the like are labeled with a fluo- 
rescent dye, and are used as a reporter protein, and 
these are particularly advantageous for synthesis and 
purification of the sensor protein in a large scale. 
[0043] Further, the binding protein that is another 
component of the sensor protein of the present invention 
is a protein having the ability of specifically recognizing 
a target substance. Specifically, the binding protein in- 
cludes, for example, metal ion-binding proteins such as 
calmodulin or zinc finger domain ; DN A-binding proteins 
such as transcription factors; cAMP-dependent protein 
kinase; cG MP -dependent protein kinase; hydrolases; 
ATP-binding proteins; GTP-binding proteins; nitric mon- 
oxide synthase; glucose-binding proteins; maltose- 
binding proteins: hormone receptors such as aryl hydro- 
carbon (Ah) receptor and estrogen receptor; single 
chain antibodies (scFv); and chaperons. In the present 
invention, functional fragments of the above proteins 
may be used as a binding protein. The term "afunctional 
fragment of a protein" in the present specification is a 
protein which consists of a partial fragment of the above- 
mentioned specific protein and still maintains the ability 
of specifically recognizing a target substance. Further, 
in the present invention, mutants of the above-men- 
tioned proteins may be used. A method of preparing and 
screening a mutant will be described below. The size of 
the binding protein or the like is not particularly limited, 
and a protein of about 100 to 1 000 amino acid residues 
is preferred. 

[0044] The target substance (analyte)to be detected 
by the sensor protein of the present invention is not par- 
ticularly limited so long as it can specifically bind to or 
interact with the binding protein. Specific examples in- 
cludes metal ions such as calcium and zinc ions; nucleic 
acid derivatives such as cAMP, cGMR ATP and GTP; 
low molecular weight compounds such as nitric monox- 
ide; sugars such as glucose and maltose; chemical sub- 
stance such as dioxins and polychlorinated biphenyl 
(PCB); hormones, antigens, proteins, nucleic acids, vi- 
ruses, cells and the like. The dioxins include polychlo- 
rinated paradioxins (PCDD) and polychlorinated diben- 
zofurans (PCDF), and there are 210 types of homo- 
logues and isomers in total. Further, the polychlorinated 
biphenyl (PCB) includes 209 types of homologue and 
isomers, and among these, 13 types of coplanar PCB 
isomers having a planar structures are known as highly 
toxic compounds. 

[0045] In the insert-type fusion protein of the sensor 
protein of the present invention, a site where the binding 
protein is inserted into the reporter protein is not partic- 
ularly limited. Specifically, it is a site that is exposed to 
the surface of the reporter protein in the structure of the 



reporter protein, and more preferably a vicinity of the 
reporter site which generates a signal or a site suitable 
to appropriately destabilize the structure of the reporter 
protein by the insertion. When the reporter protein is, for 
5 example, GFP, the site where the binding protein is in- 
serted is preferably between the amino acid residues of 
1 28 lle-205 Ser, andmore preferably between the amino 
acid residues of either 171 lle-175 Ser or 140 Lys-145 
Asn. 

10 [0046] In the sensor protein comprised of the above- 
mentioned structure according to the present invention, 
the reporter protein becomes highly sensitive to a 
change in the structural stability or conformation by in- 
serting the binding protein into the amino acid sequence 

*5 thereof : and the detection signal based on enzyme ac- 
tivity or fluorescence thereof is changed by binding of 
the target substance to the binding protein. This 
"change in a detection signal" includes an increase/de- 
crease in signal "intensity" as well as a change in signal 

20 "property". Specifically, it includes an increase/de- 
crease of absorbance or fluorescence intensity as well 
as the shift of fluorescence wavelength. The greater 
such a change of signal is. the more preferred it is in the 
present invention. Therefore, it is preferred to further in- 

25 troduce a mutation to the insert-type fusion protein by a 
method described below and to obtain mutants capable 
of providing a greater change in signal by screening. 
[0047] The sensor protein of the present invention can 
be synthesized by any technique for synthesis of pro- 

30 teins, such as recombinant genetic engineering, chem- 
ical synthesis or cell-free translation. 
[0048] For example, the DNA sequence encoding the 
binding protein is inserted into the DNA sequence en- 
coding the reporter protein which constitutes the sensor 

35 protein of the present invention to construct the DNA en- 
coding an insert-type fusion protein. The resultant DNA 
is inserted into an expression vector containing a pro- 
moter, a terminator and the like in such a manner that 
the DNA can be expressed to obtain an expression vec- 

40 tor. A suitable host cell is transformed with the thus- 
formed vector and the transformed cell is cultured, 
whereby the sensor protein of the present invention can 
be prepared. 

[0049] Namely, the DNA encoding the reporter protein 
45 is cut with a suitable restriction enzyme and then, the 
DNA encoding the binding protein, which has two ends 
which can be linked with the two DNA fragments ob- 
tained by the cutting, is linked with the two cut ends of 
the DNA encoding the reporter protein, whereby the 
so DNA encoding the binding protein is inserted into the 
DNA sequence encoding the reporter protein so as to 
construct the DNA encoding an insert-type fusion pro- 
tein. Further, the desired two DNA fragments encoding 
the N-terminus side portion and C-terminus side portion 
55 of the reporter protein can be synthesized from the ge- 
netic DNA encoding the reporter protein by a PCR meth- 
od using suitable plural primers. 
[0050] Two fragments of the DNA encoding a reporter 
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protein can be synthesized by inserting a proper restric- 
tion enzyme site into the DNA encoding the reporter pro- 
tein by a PCR method using a primer having a proper 
sequence and cutting the resultant DNA encoding the 
reporter protein in the above manner. The thus-obtained 
two fragments of the DNA encoding the reporter protein 
and the DNA fragment encoding a binding protein are 
linked in accordance with a usual method using a ligase, 
whereby a DNA fragment encoding the sensor protein 
of the present invention, which has a desired sequence, 
can be obtained. 

[0051] As the expression vector containing the DNA 
sequence encoding the sensor protein of the present in- 
vention, any vector can be used so long as it can ex- 
press the DNA sequence. In general, the vector con- 
tains a promoter a transcriptional region composed of 
the DNA encoding the protein of the present invention, 
signal sequences for starting and terminating transcrip- 
tion, and it may further contain expression control re- 
gions such as a repressor binding site and an enhancer 
and a base sequence such as a selection marker. 
[0052] The promoter which can be used in the expres- 
sion vector of the present invention includes, for exam- 
ple, phage XPL, T7, T3 and SP6 promoters; lac, trp, Ipp, 
tac and BAD promoters of E. coti; SP01 promoter, penP 
promoter of bacillus bacterial; pho5 promoter, PGK pro- 
moter, GAP promoter, ADH1 promoter, SUC2 promoter, 
G AL4 promoter Mf a promoter of yeast; polyhedron pro- 
moter, P10 promoter of insect cell; SV40 early and late 
promoters of animal cells; retrovirus LTR promoter, 
CMV promoter HSV-TK promoter metallothionein pro- 
moter; 35S promoter for plant cells: a promoter of rice 
actin gene and the like. 

[0053] The selection marker suitable for use in the ex- 
pression vector of the present invention includes, for ex- 
ample, a dihydrofolic acid reductase (dhfr) gene, a ne- 
omycin resistance gene for eukaryotic cells, and a tet- 
racycline or ampicillin resistance gene for bacteria. The 
dhfr gene confers methotrexate resistance to the trans- 
formed cell, and the neomycin gene confers G418 re- 
sistance to the transformed cell. When a host is a dhfr 
gene-defective CHO cell and the dhfr gene is used as 
the selection marker, it is possible to select the trans- 
formant in a thymidine-f ree culture medium. In this case, 
cultivation is carried out while gradually increasing 
methotrexate (MTX) concentration, to select resistant 
strains, thereby the DNA sequence encoding the sensor 
protein of the present invention is amplified in the resist- 
ant cell together with the dhfr gene, and a CHO (dhfr-) 
cell of high level expression can be obtained. 
[0054] If necessary, the above-mentioned expression 
vector may be constructed in such a way that a signal 
sequence is added to the N-termtnus of the protein. 
Such a signal sequence is PhoA signal sequence, 
SUC2 signal sequence or the like for E. coli host, and it 
is Mfa signal sequence, SUC2 signal sequence or the 
like for yeast host, and it is a-interferon signal sequence 
or the like for animal cell host. 



[0055] The host cell in which the DNA sequence en- 
coding the sensor protein of the present invention is ex- 
pressed includes eukaryotic cells such as mammalian 
cells, plant cells, insect cells, yeast and aspergillus: and 

5 prokaryotic cells such as bacterial cells. Mammalian 
cells, yeast and bacterial cells are preferred. The above 
expression vector is introduced into a host cell by calci- 
um phosphate transfection, electroporation, transduc- 
tion , infection or other method. The sensor protein of the 

10 present invention can be expressed in the above-men- 
tioned eukaryotic or prokaryotic host cells under the 
control of the above promoter 

[0056] The prokaryotic cell which can be used as the 
host includes, for example, E. coli, Bacillus subtilis, Sal- 

15 monella, Pseudomonas, Streptomyces, Staphylococ- 
cus and the like. Yeasts includes, for example, Saccha- 
romyces cerevisaie, Schizosaccharomyces pombe, 
Pichia pastoris and the like. Mammalian cells includes, 
for example, COS cell, mouse AtT-20 cell, rat GH3 cell, 

20 rat MtT cell, mouse MIN6cell, Verocell, C1 27 cell, CHO 
cell , dhfr gene-defective CHO cell, HeLa cell , L cell, BHK 
cell, BALB 3T3 cell, 293 cell, Bows melanocyte and the 
like. 

[0057] The sensor protein of the present invention can 

25 be expressed by culturing the prokaryotic cell trans- 
formed by the above expression vector in a liquid medi- 
um containing a carbon source (e.g., glucose, dextran, 
soluble starch, etc.), a nitrogen source (e.g., an ammo- 
nium salt, a nitric acid salt, peptone, casein, meat ex- 

30 tract, bean cake, etc.) and an inorganic substance (e.g., 
calcium chloride, sodium dihydrogen phosphate, mag- 
nesium chloride, etc.) at an appropriate pH (pH of about 
5 to 8) for an appropriate period of time (about 3 to 24 
hours). When an expression vector containing an induc- 

35 ible promoter is employed, induction with temperature 
or a chemical inducing substance is performed, and 
then the transformed cell is cultured in the same manner 
as described above, whereby the sensor protein of the 
present invention can be expressed. The appropriate 

40 cultivation temperature is in a range of about 1 4 to 43°C 
in the case of E. coli or in a range of about 30 to 40°C 
in the case of Bacillus bacteria. After the cultivation, the 
cell is disrupted by a physical or chemical method, and 
the sensor protein of the present invention is purified 

45 from the resultant crude extract. While the sensor pro- 
tein obtained in the above manner can be purified by a 
usual method, it is advantageous to produce a sensor 
protein in which a plurality of histidine residues are add- 
ed to the N- or C-terminus and to purify the sensor pro- 

so tein by an affinity chromatography. Alternatively, the 
transformed cell is cultured by a known method when 
the host is yeast, a mammalian cell ; an insect cell or the 
like, and the produced sensor protein of the present in- 
vention may be purified by a known method. 

55 [0058] The sensor protein of the present invention can 
be also synthesized in a cell-free protein synthesis sys- 
tem. The above expression vector DNA is transcribed 
in vitro, and the resultant mRNA is added to an cell-free 
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translation system to synthesize the protein. Specifical- 
ly, the cell-free translation system is prepared from an 
extract of an eukaryotic cell or a bacterial cell, or a por- 
tion thereof. As particularly preferred examples, there 
are cell-free translation system prepared from a rabbit 
reticulocyte, a wheat germ and an extract of E. coli (E. 
coli S30 extract). The produced sensor protein of the 
present invention may be purified by a known method. 
[0059] The function of the thus-obtained insert-type 
fusion protein as a sensor can be assessed by detecting 
a change in a signal generated from the reporter protein 
upon binding or interacting with a target substance, such 
a change being, for example, an amount of a change in 
intensity of fluorescence or shift of fluorescence wave- 
length when the reporter protein is a fluorescent protein, 
or an amount of a change in enzyme (catalytic) activity 
which the reporter protein itself has when the reporter 
protein is an enzyme. The detection of the change of 
intensity of fluorescence, the change of fluorescence 
wavelength, the change of enzyme activity or the like 
can be carried out by a usual method known per se. 
[0060] When the insert-type fusion protein obtained 
by the above method does not function as a sensor or 
when further improvement of the function as a sensor is 
desired, an insert-type fusion protein having the desired 
function can be obtained by introducing a mutation into 
the DNA sequence encoding the insert-type fusion pro- 
tein obtained above, expressing the mutant in the same 
way as above and assessing the function of the resultant 
protein, and if necessary, repeating these steps. Specif- 
ically, a mutation is introduced into the DNA sequence 
encoding the insert-type fusion protein to prepare a pop- 
ulation of mutant DNA sequences, and then, a desired 
sensor protein which shows a significant change in the 
signal generated by binding of a target substance may 
be selected by screening from a population of mutants 
of the insert-type fusion protein obtained by expressing 
the population of the mutant DNA sequences. 
[0061] As a method of introducing a mutation into a 
DNA sequence, a number of methods are known, and 
such methods include, for example, a classical method 
using transposon or a mutagen (Bostein & Shortle 1 985. 
Science 229, 1193-1201), Error-prone PCR (Leung et 
al. 1989. Technique 1, 11-15). a method of substituting 
a particular region of a DNA sequence with a random 
sequence by means of random chemical synthesis of 
DNA (Zhou et al. 1996. Nature Struct. Biol. 3, 446-451 ; 
Axe et al. 1996. Proc. Natl. Acad. Sci. USA 93, 
5590-5594), a sexual PCR method (Stemmer 1 994, Na- 
ture 370, 389-391 ), a site-directed mutagenesis and the 
like. 

[0062] The above recombinant DNA experimental 
techniques for preparing the sensor protein of the 
present invention are described in many recombinant 
experiment manuals (e.g., Molecular Cloning, A Labo- 
ratory Manual, 2nd Ed., Sambrook et al., Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, New York 
(1989)), and those skilled in the art can easily carry out 



not only the techniques but also modified methods 
thereof. 

[0063] As described above in detail, the sensor pro- 
tein of the present invention is a molecular sensor which 
s incorporates specific molecule recognizing mecha- 
nisms of various proteins, which mechanism has not 
been usable heretofore. The present invention provides 
a general method for designing and screening such a 
molecular sensor as required. By using the sensor pro- 
10 tein of the present invention, it becomes possible to de- 
tect a particular molecule, ion or the like contained in a 
solution. The sensor protein is widely applied and can 
be utilized in various fields such as cell biology, environ- 
ment, bio-computer, biomedicine and other fields. Par- 
's ticularly, it can be suitably used for detection or quanti- 
fication of endocrine disrupting chemicals, a fluorescent 
molecule imaging in a living cell, simple measuring 
methods of an antigen-antibody reaction and the like. 
The outline of application examples of the sensor pro- 
20 tein of the present invention will be described below: 

(1 ) Detection or quantification of endocrine disrupting 
chemicals 

25 [0064] Recently, it has been revealed that a number 
of chemical substances having conferred a large benefit 
on human being in accordance with development of 
chemical industries have the negative side that they act 
on natural animate beings as endocrine disrupting 

30 chemicals, which is one of the serious issues which hu- 
man being in the 21 st century have to solve. In order to 
overcome the problem, it is urgently required to develop 
a simple method of detection or quantification of endo- 
crine disrupting chemicals, which enables large scale 

35 screening, for the purpose of assessing a chemical sub- 
stance that may disrupt endocrine system or forthe pur- 
pose of investigation of actual conditions with respect to 
the effect of a chemical substance in the natural world. 
As is described in detail in Example 3 below, it becomes 

40 possible to simply detect or quantify a chemical sub- 
stance that acts as endocrine disrupting chemicals, or 
vitellogenin or the tike which are derived in fish by en- 
docrine disrupting chemicals, by means of the sensor 
protein obtained by inserting Ah receptor, estrogen re- 

45 ceptor, anti-vitellogenin antibody or the like into an en- 
zyme such as alkaline phosphatase or p-galactosidase 
or a fluorescent protein and making a selection after 
subjecting the proteins to mutagenesis. 



[0065] In order to understand complicated life phe- 
nomena such as development and differentiation, im- 
munization and signal transduction, fluorescent imaging 
55 techniques for monitoring the operation of a particular 
molecule in a cell become popular recently. As an ap- 
plication example of the sensor protein of the present 
invention, there can be mentioned a light sensor protein 



so (2) Fluorescent molecule imaging in living cell 
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which is obtained by inserting any binding protein into a 
fluorescent protein that is a reporter protein, and shows 
a change in fluorescence due to stabilization of the 
structure by the binding of a target substance (see Fig. 
7). Specifically, by using the sensor protein obtained by 
inserting calmodulin, cAMP-dependent protein kinase, 
nitric monoxide synthetase or the like into a fluorescent 
protein such as GFP and making a selection after sub- 
jecting the proteins to mutagenesis, it becomes possible 
to trace, in the living cell, the distribution, concentration 
or the like of molecules which play an important role in 
a living body, such as a metal ion (e.g. calcium or the 
like) , cAM P or nitric monoxide. Such a molecular-recog- 
nizing GFP sensor can be utilized in any cells to which 
a gene can be transferred, since it binds to a target sub- 
stance to generate fluorescence by only expressing the 
gene in a eel). 

[0066] Further, the molecular-recognizing GFP sen- 
sor can be utilized as an element of a bio-computer. 
While bacteriorhodopsin, which is presently expected to 
be an element of a bio-computer, is an element that rec- 
ognizes light to convert it into molecular information 
(Birge 1995. Sci. Am. 272, 66-71), the molecular-recog- 
nizing GFP sensor is expected to play a complimentary 
role as an element that recognizes a particular molecule 
to convert it into light information. 

(3) Simple method of measuring antigen-antibody 
reaction 

[0067] For example, by using the sensor protein ob- 
tained by inserting a single chain antibody (scFv) as a 
binding protein into an enzyme such as p-galactosidase, 
and making a selection after subjecting the protein to 
mutagenesis, an antigen -antibody reaction can be more 
simply measured than in conventional enzyme-linked 
immunosorbent assay (ELISA). While the conventional 
enzyme-linked immunosorbent assay (ELISA) requires 
6 steps consisting of immobilization of an antibody onto 
a solid phase, blocking, an antigen-antibody reaction, a 
reaction with a secondary antibody, an enzyme reaction, 
and detection or quantification, the measuring method 
using the sensor protein of the present invention re- 
quires only 3 steps of an antigen-antibody reaction, an 
enzyme reaction and detection or quantification, so that 
the latter makes it possible to measure a target sub- 
stance with a smaller labor for a short period of time. 
Furthermore, by using the sensor protein constructed 
by inserting the above antibody into a fluorescent pro- 
tein, it is possible to detect or quantify an antigen-anti- 
body reaction as a change in fluorescence, so that a tar- 
get substance can be more simply measured. 
[0068] The reagent kit for performing detection or 
quantification and imaging a target substance with the 
sensor protein of the present invention as mentioned 
above can be prepared by any method known per se. 



Examples 

[0069] The present invention will be described more 
in detail below with reference to Reference Examples 

5 and Examples. However, Examples described below 
are provided by way of only explanation of the present 
invention, and the scope of the present invention is by 
no means restricted by the following Examples. It is ap- 
parent for those skilled in the art that any alteration, irn- 

10 provement or modification can be applied to the present 
invention without departing from the spirit of the present 
invention. 

[0070] In the following Reference Examples and Ex- 
amples, basic operations of gene engineering (e.g., 

15 cloning, transformation and cultivation of E. coli, collec- 
tion of plasmids and the like) were carried out according 
to the experimental manual of Molecular Cloning, A Lab- 
oratory Manual, 2nd Ed., Sambrook et al., Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, New York 

20 (1989). 

Reference Examples 1 and 2: Demonstration that a 
binding protein can be inserted into a reporter protein 

25 [0071] For attaining the construction of the sensor 
protein of the present invention with various combina- 
tions of a binding protein and a reporter protein, it is first 
required to satisfy the condition that when any binding 
protein is inserted into any reporter protein, the ability 

30 of generating a signal is not lost. Although the experi- 
ments of inserting a foreign amino acid sequence into a 
protein have been carried out for a long time, the se- 
quence to be inserted has been limited to the length of 
about 20 amino acid residues at most. However, the 

35 present inventors recently reported that even when a 
protein composed of 120 amino acid residues having an 
arbitrary sequence was inserted into ribo nuclease H 
which was an enzyme protein, an insert-type fusion pro- 
tein still maintaining the enzyme activity could be ob- 

40 tained with high frequency (Doi et al. 1997. FEBS Lett. 
402, 177-180). Then, in order to demonstrate that any 
other reporter proteins permit the insertion of such a 
long amino acid sequence, a random sequence com- 
posed of 1 20 amino acid residues was inserted into kan- 

45 amycin nucleotidyltransferase (KNTase) which is an en- 
zyme protein and GFP which is a fluorescent protein, 
respectively, and it has been confirmed as follows that 
the enzyme activity and the fluorescence are main- 
tained. 

50 

1 . Insertion of random sequence of 120 amino acid 
residues into KNTase 

[0072] A random sequence of 120 amino acid resi- 
55 dues was inserted into kanamycin nucleotidyltrans- 
ferase (KNTase) which is an enzyme protein having 253 
amino acid residues, and presence/absence of the en- 
zyme activity was examined by observing, as an indica- 
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tor : the growth of E. coli capable of expressing the re- 
sultant insert-type fusion protein on a medium contain- 
ing kanamycin. 

Experimental materials 

[0073] E. coli JM109 strain and plasmids pUC18 and 
pBEST501 (Itaya et at. 1989. Nucleic Acids Res. 17, 
441 0) were provided by Dr. Itaya of Mitsubishi Chemical 
Corporation, Institute of Life Science. Plasmid library 
RIMIX (Prijambada et al. 1996. FEBS Lett. 382, 21-25) 
was provided by Dr. Yomo of Osaka University. 
[0074] Commercially available enzymes and rea- 
gents were used respectively as follows: 
[0075] Restriction enzyme Kpnl (NEB), EcoRI and 
Pstl (Toyobo Co.. Ltd.), Hindlll and Sail (Boehringer 
Mannheim); gene kit Ligation High and Blunting High 
(Toyobo Co. ; Ltd.): heat-stable enzyme Vent DNA 
Polymerase (NEB): and ampicillin and kanamycin (Wa- 
ko Pure Chemical Industries, Ltd.). 

Construction of Plasmid 

[0076] A plasmid pUC-Kn was constructed in accord- 
ance with the following procedure. First, a plasmid 
pUCl 8 was digested by Hindlll to delete the Hindlll site, 
and was treated to make an blunt end and then, it was 
self-cyclized to obtain a plasmid pUC1 8AH. On the other 
hand, for introducing a restriction enzyme site for inser- 
tion of a random sequence into a KNTase gene, DNA 
fragments of the N- and C-terminus of the KNTase were 
amplified by PCR using pBEST501 as a template and 
two sets of primers, each of the DNA fragments was di- 
gested by Pstl - Sail or Sail - EcoRI, and both of the 
thus-digested DNA fragments were inserted at once into 
the Pstl - EcoRI site of the pUC18AH. As the result, a 
plasmid pUC-Kn was obtained in which a Hindlll - Sail 
- Kpnl site was introduced between 126 Val and 127 Glu 
of KNTase. 

Insertion of protein composed of random amino acid 
sequence and screening 

[0077] Random regions of the plasmid library R1M1X 
containing a random amino acid sequence were ampli- 
fied by PCR using primers, and digested by Hindlll - Kp- 
nl and inserted into Hindlll - Kpnl site of KNTase gene 
on the pUC-Kn. The resultant DNA library was intro- 
duced into E. coli JM1 09 strain, and the E. coli was cul- 
tured on an LB plate containing 100u.g/ml of ampicillin 
and 0 to 50|ig/ml of a kanamycin concentration gradient 
to allow the E. coli to form colonies. Then, a number of 
E. coli colonies that could grow under the kanamycin 
concentration of 1 0 u, g/mi were obtained. It was there- 
fore demonstrated that regardless of the sequence to 
be inserted, a protein having 100 or more amino acid 
residues in length could be inserted into KNTase without 
losing the enzyme activity of KNTase. 



2. Insertion of random sequence of 120 amino acid 
residues into GFP 

[0078] The presence/absence of fluorescence was 

5 examined by detecting, as an indicator, the green fluo- 
rescence generated under ultraviolet light by the E. coli 
which expressed the insert-type fusion protein obtained 
by inserting a random sequence of 120 amino acid res- 
idues into a fluorescent protein, GFP 

10 [0079] A random sequence of 120 amino acid resi- 
dues was inserted into the loop site between 172 Gin 
and 1 73 Asp of GFP in the same manner as in the above 
1 . The DNA prepared by inserting the random sequence 
into the GFP gene encoded on the pND101 described 

'5 in detail in Example 1 below, was introduced into E. coli 
JM109, and the grown colonies were observed under 
ultraviolet light. The green fluorescence was maintained 
though its intensity was approximately 10 % of that of 
the wild type GFP. It was therefore demonstrated that 

20 regardless of the sequence to be inserted, a protein of 
100 or more amino acid residues in length could be in- 
serted into GFP without losing the fluorescence of GFP. 

Example 1 : In vivo screening of sensor protein 

25 

[0080] In this experiment, p-lactamase was selected 
as one example of the binding protein. The X-ray crys- 
tallographic structure of sole p-lactamase as well as that 
of the complex of p-lactamase and p-Lactamase Inhib- 
30 itory Protein (BLIP) have been determined. It is known 
that the structure of p-lactamase is hardly changed by 
binding of BLIP (Strynadka et al. 1996. Nature Struct. 
Biol. 3, 290-297). Therefore, if a sensor protein can be 
constructed by the use of p-lactamase as the binding 
35 protein, it is possible to demonstrate that the sensor pro- 
tein can be constructed according to the method of the 
present invention even by the use of proteins other than 
those used in the conventional sensor proteins, which 
undergo a drastic change of the structure by binding of 
40 the substrate. 

[0081] As the reporter protein into which p-lactamase 
was inserted, green fluorescence protein (GFP) was se- 
lected. GFP has a fluorescent chromophore in its in- 
sides and generates green fluorescence under ultravi- 
^5 olet light. First, an insert-type fusion protein was con- 
structed by inserting p-lactamase into the loop site be- 
tween 172 Gin and 173 Asp of GFP. Further, a sensor 
protein wherein the fluorescent intensity of GFP was in- 
creased by binding of BLt P was selected from the library 
so of insert-type fusion proteins obtained by introducing a 
random mutation into the insert-type fusion protein ob- 
tained above. 

Experimental Materials 

55 

[0082] E. coli JM109, and plasmids pUC18 and 
pUC4KIXX (Barany 1985. Gene 37, 111-123) and pGF- 
Puv (Crameri et al. 1996. Nature Biotechnol. 14, 
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315-319) were provided by Dr. Itaya of Mitsubishi Chem- 
ical Corporation, Institute of Life Science. Plasmid 
pEOR (Prijambada et al. 1996. FEBS Lett. 382. 21-25) 
was provided by Dr. Yomo of Osaka University and BLIP 
gene (Doran et al. 1990. J. Bacterid. 172, 4909-4918) 
was provided by Dr. Schroeder of Alberta University 
(Canada). 

[0083] The following commercially available enzymes 
and reagents were used respectively: 
[0084] Restriction enzymes Afllll, BspHl, Kpnl, Ncol, 
Ndel, Nhel and Xbal (NEB), Eco47lll and EcoRI (Toy- 
obo Co., Ltd.), Hindlll and Sacl (Boehringer Mannheim), 
and Xhol (Takara Shuzo Co. : Ltd.); gene kits Ligation 
High and Blunting High (Toyobo Co., Ltd.); heat-resist- 
ance enzymes Taq DNA Polymerase (Grainer) and Vent 
DNA Polymerase (NEB); and carbenicillin (Sigma), and 
kanamycin, L-arabinose and D-glucose (Wako Pure 
Chemical industries., Ltd.). 

Construction of Plasmid 

[0085] The plasmid pND101 (as shown in Fig. 2) was 
constructed in accordance with the following procedure. 
First, BAD promoter and AraC protein gene that controls 
the expression of a gene under BAD promoter (Guzman 
etal. 1995. J. Bacteriol. 177 : 4121-4130) were amplified 
by PCR using the genome of E. coli JM 1 09 strain as the 
template and primers (Sequence Nos. 1 and 2), digest- 
ed with Ncol and Ndel and cloned in Aftlll - Ndel site of 
pEOR. Then, the resultant plasmid was digested with 
BspHl to delete ampicillin-resistant gene which was 
substituted with kanamycin -resistant gene contained in 
the Afllll - Xhol fragment of pUC4KIXX. Further, PCR 
fragments obtained by amplifying BLIP gene with prim- 
ers (Sequence Nos. 3 and 4) were digested with Ndel 
and Sacl, and inserted into the downstream of BAD pro- 
moter. By this procedure, the expression of BLIP can be 
induced in the presence of L-arabinose and suppressed 
in the presence of D-glucose. The resultant plasmid was 
digested with Sacl and Hindlll to delete its Hindlll site, 
and treated to make blunt ends ; and then it was self- 
cyclized to obtain a plasmid pBAD-BLIP-Kn. 
[0086] On the other hand, in order to introduce a re- 
striction enzyme site for inserting p-lactamase gene into 
GFP gene, DNA fragments of the N- and C-terminus of 
GFP were amplified by PCR using pGFPuv as a tem- 
plate and two sets of primers (Sequence Nos. 5 and 6, 
and Sequence Nos. 7 and 8), and each of the DNA frag- 
ments was digested with Nhel-Kpnt or Kpnl-Sacl re- 
spectively, and the DNA fragment thus digested were 
inserted at once into the Nhel - Sacl site of pEOR. As 
the result, a Hindlll - Kpnl - EcoRI site was inserted be- 
tween the 1 72 Gin and 1 73 Asp of GFP and at the same 
time, a sequence encoding 6 histidine residues was 
added at the N-terminus of GFP. The thus-obtained mu- 
tant GFP gene was amplified by PCR using primers (Se- 
quence Nos. 8 and 9) and inserted into Eco47lll site of 
the pBAD-BLIP-Kn. At this time, in order to bring an ex- 



pression amount of the mutant GFP to the same level 
as that of BLIP located in the downstream of BAD pro- 
moter the 6 bases corresponding to -35 region of tac 
promoter contained in the primer (Sequence No. 9) were 
5 made to be random : and a pND1 01 was finally obtained 
by selecting one which contained a promoter having the 
same strength level as BAD promoter. 

Insertion of binding protein and screening 

10 

[0087] The p-lactamase gene on the pUC18 was am- 
plified with primers (Sequence Nos. 1 0 and 11) : digest- 
ed with Hindlll - EcoRI and inserted into the Hindlll - 
EcoRI site of GFP gene on the pND101 (Fig. 3). Each 

15 of these primers contains a random sequence consist- 
ing of 9 bases as a linker between p-lactamase gene 
and GFP gene. This DNA library was transferred to E. 
coli JM109, and the E. coli was cultured on a LB plate 
containing 10u,g/ml of kanamycin to allow the E. coli to 

20 form a colony. 1 00 colonies were arbitrarily selected and 
each of the colonies was plated on two plates, each of 
which contains 0.2% L-arabinose or 0.2% D-glucose re- 
spectively, to allow the E. coli to again form a colony, 
and a colony wherein the intensity of fluorescent gener- 
is ated under ultraviolet light is different between the two 
plates, was selected. The selected colony was cultured 
in a liquid medium, plasmids were collected and Error- 
prone PCR (Buchholz et al. 1998. Nature Biotechnot. 
16, 657-662) was carried out by using the thus collected 

30 plasmids as a template and primers (Sequence Nos. 12 
and 8) to introduce a random mutation into the region 
containing p-lactamase. The resultant PCR fragment 
was digested with Xhol and Xbal and inserted into the 
same site of the original plasmid to form a library of plas- 

35 mids, and clones which indicated a larger difference in 
the intensity of fluorescence was selected from the li- 
brary. These steps of random mutation introduction and 
selection were repeated two times. The finally obtained 
E. coli containing a sensor protein indicated weak fluo- 

40 rescence when no BLIP was not coexpressed (i.e. on 
the plate containing glucose) but indicated strong fluo- 
rescence when BLIP was coexpressed (i.e. on the plate 
containing arabinose). Namely, a sensor protein that 
showed an increase of the fluorescent intensity by bind- 

45 jng with BLIP in the cell was obtained. 

Example 2: In vitro experiment using sensor protein 

[0088] For confirming that the sensor protein obtained 
50 jn the above Example 1 by inserting p-lactamase into 
GFP can actually act as a sensor to BLIP in vitro, the 
sensor protein and BLIP were purified, fluorescence 
spectrum of the sensor protein was measured and its 
dependency on BLIP concentration was examined. 

55 

Experimental materials 

[0089] Urea (Wako Pure Chemical Industries, Ltd.), 
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IPTG (NacaliTesque, Inc.) and Ni-NTA resin (QIAGEN) 
were used, and E. coli, plasmids. enzymes and the like 
as described in the Example 1 were used. 

Purification of sensor protein and BLIP 

[0090] E. coli JM 1 09 having the plasmid encoding the 
sensor protein was cultured in a 2xYT medium contain- 
ing 20|ig/ml of kanamycin at 37°C until the absorbance 
at 600 nm became 0.6, and then, IPTG was added 
thereto in a final concentration of 1 mM and cultivation 
was continued further for 5 hours. The sensor protein 
expressed in large scale was accumulated mainly in an 
insoluble fraction. The collected E. coli was disrupted by 
sonication and the insoluble fraction was collected by 
centrifugation.The insoluble fraction was dissolved with 
8M urea, and the sensor protein having a histidine tag 
at its N-terminus was loaded on a Ni-NTA column, 
washed, and eluted by decreasing pH. Urea was re- 
moved from the fraction containing the protein of interest 
by dialysis to renature the sensor protein. On the other 
hand, BLIP gene was amplified by PCR using primers 
(Sequence Nos, 13 and 4) for adding 6 histidine resi- 
dues to the N-terminus , digested with Ndel and Sacl and 
inserted into the same site of the pEOR. E. coli JM109 
having this plasmid was cultured in a 2xYT medium con- 
taining 100u,g/ml of carbenicillin, and BLIP was ex- 
pressed in a large scale and purified. 

Measurement of fluorescence of sensor protein 

[0091 ] The fluorescence spectra of the sensor protein 
in the presence and absence of BLIP were respectively 
measured with Shimazu RF502 spectrofluorometer. 
The excitation spectrum at a radiation wave length of 
505 nm of the sensor protein obtained by inserting p - 
lactamase into GFP indicated two absorption maxima 
around 395 nm and around 475 nm like wild type GFP 
(Fig. 4). When BLIP was added to this sensor protein, 
the intensity of fluorescence spectrum increased almost 
two times. However, when BSAwas added as a control, 
no change of intensity was observed. 

Titration experiment of BLIP concentration 

[0092] The dependency of fluorescence intensity of 
the sensor protein on BLIP concentration was exam- 
ined. An amount of a change in fluorescence intensity 
at excitation wave length of 395 nm. AF, increased in a 
range of from 0.01 to 10 |iM of BLIP concentration, 
[BLIP] (Fig. 5). The dissociation constant Kd was 0.35 
U.M, which was obtained by fitting the titration curve to 
a standard equation of: 

AF = AFmax / (1 + Kd / [BLIP]) , 
and this value was well in agreement with the inhibition 



constant 0.2uM of BLIP, which was obtained by the in- 
hibition experiment of p -lactamase activity of the sensor 
protein. The above results demonstrate that the result- 
ant insert-type fusion protein functioned as the sensor 
5 protein wherein the fluorescence intensity was changed 
by specific binding with BLIP. 

Example 3: Preparation of dioxin sensor and 
measurement of dioxin using the same 

10 

Preparation of dioxin sensor 

[0093] In accordance with the methods as described 
in Examples 1 and 2 above, sensor proteins against di- 

15 oxins and PCB which are environmental pollutants, can 
be constructed. Specifically, the ligand-binding domain 
of an any I hydrocarbon receptor (Ah receptor), which 
specifically binds with dioxins and PCB, is inserted into 
alkaline phosphatase which is an enzyme protein to 

20 construct an insert -type fusion protein (see Fig. 6). It is 
possible to detect or quantify dioxins by determining, as 
an indicator a change in the alkaline phosphatase ac- 
tivity observed with binding of dioxins. 

25 Construction of plasmid 

[0094] In order to introduce a restriction enzyme site 
for inserting an Ah receptor gene into an alkaline phos- 
phatase gene (Chang et al. 1986. Gene 44 : 121-125), 

30 DNA fragments of the N- and C-terminus of the alkaline 
phosphatase gene were amplified by PCR using the al- 
kaline phosphatase gene as a template and appropriate 
two sets of primers, each of the DNA fragments was di- 
gested with appropriate two sets of restriction enzymes, 

35 and the DNA fragments thus digested were inserted at 
once into a plasmid containing an appropriate promoter. 
As the result, a restriction enzyme site can be introduced 
into a desired site in alkaline phosphatase. 

40 Insertion of Ah receptor and screening 

[0095] A DNA fragment containing the ligand-binding 
region of the Ah receptor (Kristine et al. 1993. Proc. Natl. 
Acad. Sci. USA 90, 8566-8570) is amplified by PCR us- 

45 ing appropriate primers, digested with a restriction en- 
zyme and inserted into the restriction enzyme site of the 
alkaline phosphatase gene on the plasmid. Further, a 
library formed by introducing a random mutation into the 
DNA encoding the insert-type fusion protein, is intro- 

50 duced into E. coli to allow the E. coli to form a colony on 
a LB plate. 96 colonies are cultured in a small amount 
of a liquid medium to induce expression of the mutant 
of the insert-type fusion protein in the E. coli. Respective 
mediums are dropped in a 96-well microtitre plate, and 

55 a cytolytic buffer containing lysozyme and EDTA is add- 
ed to each well to disrupt E. coli. The fluorescent sub- 
strate for alkaline phosphatase is added thereto, and the 
enzyme activity is determined with a fluorescence plate 
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reader. A mutant of the insert-type fusion protein where- 
in the enzyme activity undergoes a great change be- 
tween the cases with and without addition of dioxins to 
the well is selected by screening. 

5 

Purification of sensor protein for dioxin 

[0096] The sensor protein which can be screened ac- 
cording to the above method and wherein the alkaline 
phosphatase activity undergoes a change by binding of 10 
dioxins, is expressed in a large scale and purified as fol- 
lows. E. coli having a plasmid encoding the sensor pro- 
tein is cultured in a suitable medium at an appropriate 
temperature until the absorbance at 600 nm reaches 
about 0.6 to 0.8. and then expression of the sensor pro- is 
tein is induced and cultivation is continued further for 3 
to 5 hours. The collected E. coli is subjected to ultrasonic 
disruption, and the fraction containing the sensor protein 
collected by centrifugalion is dissolved in an appropriate 
buffer. The fraction containing the sensor protein to 20 
which a histidine tags has been added at the N- or C- 
terminus is loaded on a Ni-NTA column, washed and 
then eluted from the column by decreasing pH or adding 
imidazole. The thus-purified sensor protein is stored at 
low temperature in a buffer containing an appropriate 25 
preservative such as glycerol. 

Measurement of dioxin concentration by sensor protein 

[0097] By using the sensor protein purified by the 30 
above method ; the concentration of dioxins contained 
in a solution consisting of several components can be 
quantified. First, the sensor protein is added to a sample 
containing dioxins. The reaction mixture is left for an ap- 
propriate period of time to allow the Ah receptor domain 35 
of the sensor protein to bind to dioxins. In order to meas- 
ure the change in the activity of alkaline phosphatase 
brought about as a result of binding, a fluorescent sub- 
strate for alkaline phosphatase (for example, AttoPhos) 
is added to the reaction solution and fluorescence gen- 40 
erated by the hydrolyzed substrate is measured with a 
spectrofiuorometer to estimate the amount of a change 
in the activity. On the basis of the table of data prepared 
by the titration experiment wherein amounts of a change 
in activity of dioxins having previously known concen- 45 
trations are measured, the dioxin concentration in an un- 
known sample can be determined. 

Industrial applicability 

50 

[0098] According to the present invention, there is 
provided a sensor protein wherein a binding protein is 
inserted into the amino acid sequence of a reporter pro- 
tein, a method of constructing the same and a method 
of utilizing the same. According to the present invention, 55 
it becomes possible to provide sensor proteins that bind 
or interact with various kinds of target substances, and 
these sensor proteins can be utilized suitably, e.g., for 



detection or quantification of endocrine disrupting 
chemicals, for fluorescent molecule imaging in a living 
cell, and for a simple method of measuring an antigen- 
antibody reaction and the like. 



Claims 

1. A sensor protein comprising an insert-type fusion 
protein composed of a reporter protein and a bind- 
ing protein wherein said binding protein is inserted 
into the amino acid sequence of said reporter pro- 
tein. 

2. The sensor protein according to Claim 1 , wherein 
the binding protein is a protein having a size of 1 00 
to 1000 amino acid residues in length. 

3. The sensor protein according to Claim 1 or 2, 
wherein the binding protein is a protein selected 
form the group consisting of metal ion-binding pro- 
teins, DNA-binding proteins, cAMP-dependent pro- 
tein kinase, cGMP-dependent protein kinase, hy- 
drolase, ATP-binding proteins, GTP-binding pro- 
teins, nitric monoxide synthase, glucose-binding 
proteins, maltose-binding proteins, hormone recep- 
tors, single chain antibodies and chaperons; or a 
functional fragment thereof or a mutant thereof. 

4. The sensor protein according to any one of Claims 
1-3, wherein the reporter protein is an enzyme pro- 
tein, a fluorescent protein or a fluorescence-labeled 
protein, or a mutant thereof. 

5. The sensor protein according to Claim 4, wherein 
the enzyme protein is an enzyme protein selected 
from the group consisting of protease, nuclease, al- 
kaline phosphatase, p-galactosidase, luciferase, 
glucose oxidase and chloramphenicol acetyl trans- 
ferase, or a mutant thereof. 

6. The sensor protein according to Claim 4, wherein 
the fluorescent protein is Green Fluorescent Protein 
or a mutant thereof. 

7. The sensor protein according to Claim 6, wherein 
the binding protein is inserted between the amino 
acid residues of 128 lle-205 Ser of Green Fluores- 
cent Protein which is the reporter protein. 

8. The sensor protein according to Claim 4, wherein 
the fluorescent-labeled protein is a protein labeled 
with a fluorescent dye selected from fluorescein se- 
ries, rhodamine series, eosin series and 7-ni- 
trobenz-2-oxa-1 ,3-diazole (NBD) series; or a mu- 
tant thereof. 

9. The sensor protein according to Claim 1, which is 
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comprised of an insert-type fusion protein formed 
by inserting the amino acid sequence of aryl hydro- 
carbon (Ah) receptor into the amino acid sequence 
of alkaline phosphatase. 

5 

1 0. A nucleic acid encoding the protein according to any 
one of claims 1 to 9. 

11. A method of preparing a sensor protein, comprising 

the steps of: io 

(a) inserting a DNA encoding a binding protein 
into a DNA sequence encoding a reporter pro- 
tein: and 

(b) expressing the resultant DNA encoding an *5 
insert -type fusion protein. 

12. A method of preparing a sensor protein, comprising 
the steps of: 

20 

(a) inserting a DNA encoding a binding protein 
into a DNA sequence encoding a reporter pro- 
tein; 

(b) introducing mutation into the resultant DNA 
sequence encoding an insert-type fusion pro- 25 
tein to obtain a population of mutants of the 
DNA sequence encoding the insert-type fusion 
protein; 

(c) expressing the population of mutants of the 
DNA sequence encoding the insert-type fusion 30 
protein to obtain a population of mutants of the 
insert-type fusion protein; and 

(d) selecting an insert-type fusion protein hav- 
ing a desired function from the population of 
mutants of the insert-type fusion protein by de- 35 
tecting a change in the detection signal gener- 
ated from the reporter protein by the action of 

a target substance to the binding protein. 

13. The method according to Claim 12, wherein the 40 
steps (b) : (c) and (d) are repeatedly carried out. 

14. A sensor protein prepared by the method according 
to any one of Claims 11 to 13. 

45 

15. A nucleic acid encoding the protein according to 
Claim 14. 

16. An expression vector containing the nucleic acid ac- 
cording to Claim 10 or 15. so 

17. A transformed cell having the expression vector ac- 
cording to Claim 16. 

18. Amethod of preparing a sensor protein, comprising 55 
the steps of: 

culturing the transformed cell according to 



Claim 17; and 

harvesting said sensor protein from the culture. 

19. A method of detecting or determining a target sub- 
stance, comprising the steps of: 

reacting the sensor protein according to any 
one of claims 1 to 9 and 1 4 with said target sub- 
stance; and 

measuring a change in the detection signal 
generated from the reporter protein that consti- 
tutes the sensor protein. 

20. The method according to Claim 19, wherein the re- 
porter protein is a fluorescent protein. 

21 . The method according to Claim 1 9, wherein the de- 
tection signal is fluorescence. 

22. The method according to any one of Claims 19 to 
21 , wherein detection or determination of the target 
substance is carried out in a living ceil, tissue or in- 
dividual. 

23. The method according to Claim 19, wherein the 
sensor protein is an insert-type fusion protein 
formed by inserting the amino acid sequence of Ah 
receptor into the amino acid sequence of alkaline 
phosphatase, and the target substance is dioxins or 
poiychlohnated biphenyl. 

24. The method according to Claim 19, wherein the 
sensor protein is an insert-type fusion protein 
formed by inserting the amino acid sequence of cal- 
modulin into the amino acid sequence of a fluores- 
cent protein, and the target substance is a calcium 
ion. 

25. The method according to Claim 1 9 wherein the sen- 
sor protein is an insert-type fusion protein formed 
by inserting the amino acid sequence of a single 
chain antibody into the amino acid sequence of al- 
kaline phosphatase, and the target substance is an 
antigen. 

26. A reagent kit for performing the method according 
to any one of Claims 1 9 to 24, which comprises the 
sensor protein according to any one of Claims 1 to 
9 and 14 or the nucleic acid according to Claim 10 
or 15. 
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